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THE  THEORIES  AND  SOME  OF  THE  FACTS  OF  RIGOR  MORTIS. 
HistoricaL--Two  features  of  the  phenomenon  of  rigor  mortis, 
the  stiffness  and  the  shortening  of  the  skeletal  muscles,  bear  a 
resemblance to two physiological processes : the clotting of the shed 
blood  and  the  contraction  of  living  muscles.  Upon  the  basis  of 
this  resemblance two  divergent theories  were brought  forward  as 
far  back  as  nearly  a  century  ago.  These  theories  are  the  ones 
which at the present day are still competing for supremacy. 
The Con.traction Theory.--Nysten ( I )  ( I8I I )  thought rigor to be 
"'le  dernier  effort de la  vie  contre  Faction  des  forces  chimiques." 
Denuded  of its  vitalistic  garb,  the  phrase  expresses  the  view  that 
rigor is due to a physiological contraction of the muscles.  Although 
Briicke (2), one of the grave-diggers for the theory of vital force, re- 
joiced as  far back  as  I842 ,  at  the prospect  that  the  theory of the 
"dernier  effort de  la  vie"  was  then  buried  forever, the theory of 
contraction was soon resurrected, and even at the present day is oc- 
cupying a well-suppoffed position in the domain of physiology.  Be- 
sides Schiff(3), Brown-Sequard(4)  and some others, it was especi- 
ally L. Hermann (5)  and his pupils who brought together many facts 
in favor of the assumption that rigor mortis shows a certain form of 
muscular contraction. 
Coagulation  Theory.--As  to  the  coagulation  theory  it  was  as- 
sumed originally by Orfila (6), Treviranus (7)  and others that rigor 
was due directly to the clotting of the blood and lymph between the 
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muscle fibers.  This theory was favored also by Johannes Miiller(8) 
for  the  reason  that  the  contraction  of  the  clot  and  the  separation 
of serum from  it would also explain  the final release of the muscles 
from rigor.  This  theory,  however,  had  to  be given  up as  soon as 
it was recognized that rigor also occurs in completely exsanguinated 
animals.  But  Briicke offered the  same theory  in  a  modified  form. 
Soluble fibrin,  said he, enters  during  life into the  muscle fibers and 
it is the  clotting of this  intrafibrillar  fibrin  which  is  the  underlying 
cause of postmortem rigor.  Virchow(9 )  called attention to the fact 
that  the plasma obtainable from muscle differs chemically  from the 
contents  of the blood, and  Brficke himself  and  others  failed  in  the 
attempt  to  obtain  a  plasma  from  the  muscles  before  they  entered 
into a  state of rigor;  the  chemical  theory had  therefore  for a  long 
period  very  little  support  from  experimental  facts.  But  in  1859 
Kfihne(m),  who carried out all the necessary manipulations  at low 
temperatures,  finally succeeded in  obtaining  a  liquid  muscle plasma 
which gradually clotted spontaneously.  The coagulum, which differs 
from the fibrin of the blood, Kiihne  termed myosin. 
The  theory that  rigor  is due to a  sort of coagulation  and  resem- 
bles clotting,  or  in  short  the  chemical  theory  of  rigor,  had  now  a 
solid  fact for its foundation;  the muscles,  like the blood, while in a 
living  state,  contain  a  soluble  proteid  which  clots  spontaneously 
some  time  after  the  removal  from  its  natural  connections.  That 
the  rigor  is  due  to  the  clotting  of that  proteid  within  the  muscles 
is, of course, not a fact but only a hypothesis, but a hypothesis which 
is  greatly  supported  by  the  following  facts:  that  the  spontaneous 
clotting  of  the  myosin  occurs  about  the  same  time  after  death  as 
the nmscles, when kept under similar conditions as the plasma,  enter 
into rigor;  that  further,  muscles, from which myosin is pressed out, 
11o  longer  enter  into  rigor,  and  that  finally  the  myosin  obtainable 
from muscles already  in  rigor  is  considerably less  in  quantity  than 
that obtainable from normal muscles.  All these facts were brought 
out by Kiihne  himself. 
Some Facts Favorin,  g  the Contractiou  Theory.--In  the half  cen- 
tury which passed since the establishment  of the chemical theory by 
Kiihne  no  new  facts  came  to  light  which  essentially  strengthened 
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myosin was considerably advanced by many investigators,  especially 
by the  extensive  studies  of  Halliburton(II)  and  yon  Ffirth(I2). 
On the contrary, new questions arose to which the chemical theory is 
as yet incapable of giving a  satisfactory answer.  For instance,  it is 
now well established that the clotting of blood plasma occurs under" 
the  influence  of  a  well-defined  ferment;  but  no  ferment  could  be 
discovered, in spite of an eager search for it, which was instrumental 
in  the  clotting  of  muscle  plasma(I3).  Furthermore,  is  it  now 
shown  that  the  release  from  rigor  is  not  due  to  the  setting  in  of 
putrefaction,  as  was  believed  formerly  (14  and  I5);  the  release 
from  rigor  is  as  spontaneous  an  act  and  as  vital  a  phenomenon, 
so  to  say,  as  its  onset.  But  the  once  clotted  myosin  fibrin  and 
myogen fibrin,  as the clotted proteid bodies from the muscle plasma 
are  now  termed  by  von  Fiirth,  do  not  show  any  reversibility, 
do not become soluble again.  Neither  did the  vigilant  search  lead 
to a  detection of a  ferment which might be concerned  in the release 
of the muscles from rigor(13).  The  release reminds  one rather  of 
the final  relaxation  of a  muscular contracture.  Another  fact,  diffi- 
cult to understand  on the basis of the chemical theory,  is the disap- 
pearance of rigor, at least at a certain stage, by bending or kneading 
the muscles.  It  was  further  established  that  the  time of onset,  the 
intensity  and  duration  of  rigor  differ  considerably  between  white 
and  red  muscles  (14  and  16).  It  is  known  that  these  muscles 
differ  in  the  character  of their  contractility.  But  it  is  not  known 
that  there is any difference in  the fibrin bodies obtained  from these 
muscles.  Moreover,  the onset  and  course of rigor  depend  a  great 
deal  upon  the  antemortem  functional  state  of  the  muscles;  for 
instance,  the antemortem  destruction of parts of the central  nervous 
system(i7) , or cutting of the motor nerves(18),  or  fatigue  of the 
muscles (I9),  or their  paralysis by curare(2o)  retard  strikingly  the 
onset of rigor ; while, after stimulation of motor nerves (21 ), or after 
poisoning  by strychnin(22),  or in  deaths  due to  toxic tetanus(23) 
the  development  of rigor  is  greatly  accelerated;  all  these  are  facts 
which indicate an intimate connection of the postmortem  rigor with 
the  antemortem  muscular  contractions. 
Various Forms of Rigor.--The  numerous  studies  devoted to the 
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but it would seem that this knowledge rather increased than dimin- 
ished the difficulty of  interpreting postmortem  rigor.  In  the first 
place we have to mention other forms of rigor which are to be dis- 
tinguished from rigor mortis. 
I.  An extremity of a  living animal  gets into  a  state of rigor  if 
its  circulation  is  arrested  (Stenon's  experiment).  This  form  of 
rigor,  if  not  too  far  advanced,  is  reversible  by  restoring  the  cir- 
culation. 
2.  Rigor  can  further  be  produced  by  submersing  a  muscle  in 
water,  or,  still  better,  by injecting water into  the arteries of  mus- 
cles-water rigor (24). 
3-  By exposing muscles to higher temperatures, they pass rapidly 
into a state of rigor--heat rigor (25).  Quite a large literature grew 
up on the subject of heat vigor, and there is  quite a  divergence of 
opinion as to the nature of the rigor as well as to the degrees of the 
temperature  which  cause  it  in  cold-blooded  as  well  as  in  warm- 
blooded animals.  However, it seems quite certain that rigor occurs 
at a  temperature which is  far below the one sufficient to coagulate 
all the albuminous bodies.  Whether there is  any relation between 
these temperatures and the coagulation temperatures of the myosin 
bodies has not been satisfactorily established.  It  seems to  us that 
in  the literature on  heat  rigor  the conceptions of  coagulation  and 
clotting  have  not  always  been  sharply  kept  apart,--a  confusion 
against  which  Kiihne  had  already  warned. 
4-  Rigor  can be produced by  freezing temperatures--cold rigor 
(Folin).l 
1Folin  (American  Journal  of  Physiology,  I9O3, ix,  374)  states  that  Bri.icke 
(Miiller's  Archiv  fiir  Anatomie  und  Physiologic,  1842,  176)  described  rigor 
produced by cold.  But  Briicke claims, against  Sommer,  that  rigor persists  after 
thawing  and  he  says  nowhere  that  freezing brings  on  rigor;  on  the contrary,  he 
claims  that  rigor  sets  in  before  the  freezing  takes  place.  The  single  experi- 
ment  mentioned  by  Brficke  in  which  the  amputated  thigh  of  a  frog,  after  being 
submersed  in  distilled  water  and  kept  in  a  freezing  mixture,  was  found  to  be 
in  a  state  of  rigor  after  thawing,  is  surely  insufficient evidence  for  a  claim  that 
rigor is produced  by cold; the rigor could  have been  due to the  distilled  water-- 
water  rigor. 
Folin  says  further  that  "Brficke's  experiments  with  cold  as  a  means  of 
producing  rigor received, curiously enough,  no attention  from subsequent  investi- 
gators  and  as  far as  I  have been able to learn the  discovery has been  forgotten." 
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5.  By injections of such  substances  as  chloroform,  ether,  caffein- 
benzoate,  etc.(26),  directly  into  the  muscles  or  intravenously,  the 
muscles  pass  immediately  into  a  state  of  strong  rigor--chemical 
rigor. 
De~nitiog  o[ Rigor.--Another  puzzling  question  is:  What  con- 
stitutes  rigor?  Many  deviations  from  the  normal  are  met  in  rigor 
morris : the muscles are stiff and of denser consistency than normal ; 
their  elasticity differs  from  that  of  normal  muscles;  they  show  an 
acid  reaction,  their  irritability  is  lost,  etc.  Are  all  these  changes 
essential parts  of  rigor  and  of  every kind  of  rigor?  Some  believe 
that  shortening  of  the  muscles  does not  constitute  an  integral  part 
of  rigor.  Many  authors  claim  that  the  irritability  of  the  muscle 
might  persist even  after the  release from  rigor(27).  According  to 
others the  acid reaction  is not  indispensable  for  the  development  of 
rigor (28).  Folin finally, as we have seen above, considers hardness 
and  stiffness  alone as the  essential criteria of  rigor. 
\Ve  are apparently  not  yet  ready  for  a  final  answer.  A  century 
of  work  has  brought  no  decision  between  the  contending  theories. 
It  has  brought  to  light  a  great  many  single  facts  and  that  is  what 
titled: Die Erstarrung in Folge starker Kiiltegrade.  This is the more regrettable 
as the knowledge of this paper might have been not without some influence upon 
Folin's  method  of  investigation  as  well  as  upon  his  conclusions.  As  Folin 
did not  return to  this  work  again,  as  he  intended  to  do,  it  might  not be amiss 
to  discuss  here  some  of  the  essential  points.  Folin  says  that  frog  muscles 
which  were cooled to --15 °  C.  were  found on thawing to  have gone  into  rigor. 
The  rigid muscles are perfectly translucent--not opaque--and apparently are not 
shortened.  The first important conclusion  drawn by Folin from these observa- 
tions  is  that  the  only  fundamental  characteristic  of  rigor  is  the  stiffness  and 
hardness  of the  muscles  and  that  opacity and  shortening  of the muscles,  evolu- 
tion  of  carbon  dioxide, etc.,  are  unessential  incidents of the  main  phenomenon. 
On  the  implicit assumption  that  the  muscles,  while  they  are  still  frozen,  are 
already in a  state of rigor, extracts were prepared from them--before thawing-- 
and  compared with  extracts  made  from  normal  muscles  before  rigor.  It  was 
found  that  the  spontaneous  coagulation as  well as the  heat coagulation was the 
same  in  both  extracts,  and  that  there  was  no  difference  with  regard  to  the 
degrees of acidity as  well as  in  the  amounts  of the  total nitrogen.  Since  one 
of the extracts was made from muscles in rigor, Folin draws the conclusion that 
coagulation cannot  be  the  cause  of  rigor morris.  It  must  be  remembered that 
this  conclusion is based upon  the  supposition that  the  muscles are  in  a  state of 
rigor while they are still frozen.  Now Hermann  says that  a  thoroughly frozen 
muscle  "verfiillt  nach  dem  Aufthauen  einer  beschleunigten  Erstarrung,"  that 
is the  rigor  occurs after thawing;  the  freezing has  only the  effect  of hastening 50  Rigor Morris. 
we still need and can accomplish at present : the uncovering of some 
nlore  facts---the  collection  of  more  bricks  for  the  erection  of  a 
structure at some future time. 
THE  RELATIONS  OF  CALCIUM  AND  MAGNESIUM  TO  RIGOR 
Iutroductory.--The  aim of our paper is the contribution of a  few 
facts regarding the relations of calcium and magnesium to the phe- 
nomenon of rigor mortis.  What are these relations?  On a priori 
grounds  our  expectations  may  differ with  our  conceptions  of  the 
nature of  rigor.  From  the  point  of  view  of  the  chemical  theory 
we  might  expect  that  the  mentioned  alkali  earths  are  capable  of 
exerting a definite influence upon the development of rigor, but that 
the character of the influence might be different for both substances. 
It is  now well established that calcium salts  hasten the  clotting of 
blood.  We do not know of a  similar effect from magnesium salts; 
on the contrary, concentrated solutions of magnesium sulphate are 
employed to prevent or retard the clotting of blood.  Do both sub- 
stances  behave  in  a  similar  manner  towards  the  clotting  of  the 
muscle plasma and also towards the onset of rigor?  That is,  does 
the onset of the  rigor.  Hermann  says  further  that  the  thawed-out and  not  yet 
rigid  muscle has  a  different appearance  from  the normal;  it  is  translucent,  and 
the  (final)  rigor  of  such  frozen  muscles  differs  from  that  of  normal  mus- 
cles  by  the  extreme  degree  of  shortening  and  thickening  and  by  the  exudation 
of a  strongly acid  serum.  According to  Hermann  the  rapid  onset of the  rigor 
does not depend upon thawing, or  upon the degree and  duration  of the freezing, 
but  upon  the  rapidity  of  the  development of  the  latter.  The  essential  points 
which  are  of  interest to  us  here  are,  that  according  to  Hermann  the  muscles, 
while they  are  still  frozen, are  not yet in  a  state of rigor, but  that  the  freezing 
hastens  greatly  the  onset  of  rigor,  that  the  not-shortened  translucent  muscle 
is  not  yet  in  a  state  of  rigor  and  that  the  real  rigor  which  follows  that  stage 
is  rather  marked  by an  extreme shortening. 
We  offer  of  course  no  opinion  as  to  which  of  the  observations  and  views 
are the correct ones.  But it seems to us that  to uphold the conclusions of Folin 
the  experiments  ought  to  be  repeated  and  the  extracts  ought  to  be  made  not 
from  frozen  muscles  but  after  they  were  thawed  out  for  some  time,  that  is 
while they are in  a  state of undisputed rigor. 
As  to  the  question  whether  there  is  any  difference between  extracts  made 
from  muscles  in  rigor  and  from  normal  muscles,  we  may  refer  here  to  the 
recent investigations of SaM  (Hofmeiste#s Beitriige gut Chemischen Physiologic, 
I9o6,  ix,  I).  He  found  that  the  proportion  of  "muscle  plasma"  obtainable 
from  muscles  in  a  state  of  postmortem  rigor  to  that  obtainable  from  fresh 
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calcium  hasten  the clotting of the plasma  and  also hasten  the onset 
of the rigor, and does magnesium retard both ?  On the other hand, 
from the point of view of the contraction theory there are some rea- 
sons  to  expect that  both ions  might  rather  retard  the  development 
of rigor.  It is well established,  as we have mentioned  above, that 
substances  which  increase  muscular  activity  hasten  the  onset  of 
rigor,  while  those  which  impair  the  contractions,  curare,  for  in- 
stance, retard its onset.  Now Loeb (29)  has maintained that calcium 
exerts an inhibitory influence upon muscular contraction.  A  similar 
inhibitory  influence Loeb ascribes also to the  entire  group of alkali 
earths  except  barium.  We  ourselves(3o )  have  published  several 
communications on the inhibitory effect of magnesium  salts.  But if 
calcium as well as magnesium is capable of inhibiting muscular con- 
tractions,  rigor being in the nature of a  contracture,  we may expect 
that  the effect of either ion would be in the direction  of retardation 
of the development of rigor. 
There  are  in  the  literature  a  few  scattered  statements  bearing 
upon our question, more upon the effects of calcium than upon those 
of magnesium.  Cavazani (31 )  reported that muscles poisoned by po- 
tassium  oxalate do not pass into a  state of rigor.  As the oxalates 
precipitate  calcium  salts,  Cavazani  concludes  from  his  observation 
that  rigor  is  due  to  the  presence  of  calcium  salts  in  the  muscles. 
However, neither  Howell(32 )  nor Locke(33)  were able to confirm 
the statement of Cavazani : muscles perfused with or kept in oxalate 
solutions passed into a state of rigor at least as early as the controls. 
From  these  experiments  it  could  appear  that  calcium  is  of no  im- 
portance  in  the  development  of  rigor;  but  it  must  be remembered 
that  potassium  oxalate  probably  does  not  remove  all  the  calcium 
from  the  muscles.  Furthermore,  Howell(34)  himself  found  for 
heart  muscle  (strips  of terrapin's  heart)  that  a  surplus  of  calcium 
chloride  leads to rigor.  Von  Ffirth(35),  in  studying the  effect of 
many substances upon the  clotting  of muscle plasma  and  upon  the 
development of rigor,  found  that  the  addition  of calcium  chloride, 
calcium  nitrate  or magnesium  nitrate  accelerated  the  clotting  of  a 
myogen solution, while the addition of magnesium  sulphate did not 
exert  such  an  influence.  However,  perfusion  of the  posterior  ex- 
tremities of frogs with ten per cent.  solutions of calcium chloride or 
calcium nitrate  did not hasten the onset of rigor. 52  Rigor  Mortis. 
A. Moore(36), working in J. Loeb's laboratory, tested the effects 
of various  crystalloids  upon  rigor  morris  by  bathing  the  gastroc- 
nemius muscles of frogs in solutions of these substances.  For cal- 
cium chloride is  was  found that  "a  strong  solution  has  at  first  a 
relaxing  effect,  but  after  a  period  varying  from  half  an  hour  to 
one hour  and  a  quarter,  contraction begins,  the  lever reaching its 
maximum  height  in  from  three  quarters  to  four  hours."  "In 
weaker solutions, ~- ~ff2, ~--- n/4, contraction is slower in beginning 
and slower in setting, but as the strength of the solution is  further 
decreased, rigor takes place more quickly."  For  magnesium chlo- 
ride it  is  stated  "that the effect is  relaxing.  It not  only does not 
cause  rigor,  but  actually  prevents  it."  "Contrary  to  the  above 
statement,  however,  rigor  seems  to  be  produced  in  the  strength 
n/2."  For magnesium sulphate it is said that "no immediate ef- 
fect was  produced  on  the  muscles  immersed  in  the  solution.  A 
gradual rise began soon, however, indicating the approach of rigor, 
and  the  muscle assumed  the  usual  rigor  appearance.  Rigor  was 
noted in solutions stronger than ~--- n/4." 
In the extensive work of Overton(37)  on the effect of different 
crystalloid solutions upon muscle and nerve the word rigor (Starre) 
does not  occur,  although  frog muscles were kept  in  various  solu- 
tions,  sometimes for several days.  We find,  however, in the pro- 
tocols  (vol.  lO5,  p.  22o),  that a  frog muscle, kept in  a  solution of 
calcium chloride which is  isosmotic with 0. 7  per  cent.  solution  of 
sodium  chloride, about nine hours after removal from the body is 
"completely unirritable, shortened from thirty-eight to fifteen milli- 
meters,  opaque  and  very  little  plastic";  that  can  only  mean  that 
the muscle is in complete rigor about nine hours after death, which 
is  for a  frog muscle, kept at a  temperature of 9 °  C.,  a  very early 
onset. 
Finally,  Cushing(38 )  has  found  that  the  injection  of  Ringer's 
solution  into  the belly of a  gastrocnemius muscle of a  living  frog 
may cause rigor which he ascribes  to  the presence of  the calcium 
ion  in the solution and compares this  rigor with the calcium rigor 
of a  strip of heart muscle described by Howell. 
According to Moore, then, magnesium chloride as well as calcium 
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muscles.  These  observations  would  seem  to  support,  as  argued 
above,  the  contraction  theory  of  rigor.  Moore,  however,  leans 
rather  towards the chemical theory. 
EXPERIMENTAL  STUDIES  BY  THE  WRITERS. 
Metl~od.--\Ve made  no  observations  upon  the  effect of  bathing 
single  muscles  in  the  salt  solutions.  Our  studies  were  made  by 
injecting  the solutions into  living  animals.  The  observations were 
made  at  first  incidental  to  other  experiments  with  magnesium  and 
calcium  salts.  Injections  were  made  into  various  species:  dogs, 
cats,  rabbits,  guinea-pigs,  rats  and  frogs.  In  the  studies  devoted 
directly to  the  subject of rigor  morris  the  most  extensive  observa- 
tions  were  made  upon  rabbits.  We  experimented,  however,  also 
upon  cats  and  frogs.  In  mammals  the  injections  were  made,  at 
least  in the main  study,  nearly  exclusively intravascularly.  In  the 
frogs  injections  were  also  made  into  the  lymph  sacs.  The  intra- 
vascular  injections  in  mammals  were  carried  out by two methods: 
the  intravenous  and  the  intra-arterial.  We  shall  report  first  the 
results we have obtained by intravenous  injections. 
Intravenous Injections of  Calcium and  Magnesium Salts.--The 
method  of intravenous  injection  needs  no  special  description.  The 
solutions were permitted to run slowly into the external jugular vein 
from a burette arranged  on the principle of a  Marriotte's  flask.  Be- 
fore  beginning  the  infusion  the  animals  were  provided  with  a 
tracheal  cannula  and  a  cannula  in  the  left  external  jugular  vein. 
This,  as well as any other  operative procedure which  naay be men- 
tioned  later,  was carried  out under  ether  anesthesia.  Usually  two. 
animals  were  studied  at  the  same time,  one  for a  magnesium  and 
one  for  a  calcium  salt,  the  animals  serving  as  controls  for  one 
another.  In the magnesium  animals  artificial  respiration  had  to be 
started pretty soon after beginning the infusion.  But with artificial 
respiration  and  slow  infusion  a  fairly  good  quantity  can  be  intro- 
duced  before the  heart  stops  beating,  the  quantity,  of  course,  de- 
pending  upon  the  concentration  of the  solution. 
In  each  double  experiment  the  same  molecular  concentration  of 
both  salts  was  employed, and  as nearly  as  possible the  same quan- 
tity  was  infused  into  each  animal.  In  the  calcium  animals  the 54  Rigor Mo~'tis. 
respiration  was rarely  impaired  (luring  the  entire  time  of the  infu- 
sion, but they frequently received artificial  respiration,  nevertheless, 
in  order  to  have  similar  conditions  in  both.  The  magnesium  ani- 
mals  usually  died  from  the  infusion;  the  calcium  animals  mostly 
had to be killed at the end of the infusion,  the animals  being killed 
by opening the thorax.  The  solutions were employed as  indicated 
above according  to molecular  concentrations,  the  weakest  solution 
used  being ~  m/8  and  the  strongest  :  m/I.  The  time  elapsing 
between the death of the animal and the onset of rigor in the various 
parts of the body was taken as the main unit of comparison between 
the effects of the salts.  The time of death is well marked, of course, 
"by the  final  standstill  of the heart.  As  to the  appearance  of rigor 
a  distinction must be made between the fully developed state and its 
beginning,  and  between the  rigor  of the  whole animal  and  that  of 
the various parts.  There  is not the slightest  doubt about the pres- 
ence of rigor when it is in an advanced state, but its exact beginning 
is  not  always  above dispute.  Other  difficulties  with  which  one  is 
confronted  in  this  kind  of observation  are  caused  by variations  in 
the  time  of  onset  of  rigor  in  the  individual  animals,  even  under 
apparently  exactly the  same  conditions,  and  by some  variations  in 
the  order  with  which  the  rigor  appears  in  the  several  parts  of the 
body.  However,  the  results  obtained  in  our  experiments  were  of 
such a palpable degree as to be in every instance above any doubt. 
We  shall  now  report  our  results,  illustrating  each  series  by ab- 
breviated protocols of a  few of the experiments. 
ABBREVIATED PROTOCOLS OF  SOME EXPERIMENTS. 
Series  I.  Intravenous  Infusions  of  the  Salts  in  Molecular  Solutions. 
EXPERIMENT  i.--Magnesium  chloride.  Female  rabbit,  lO6O grams.  Ether; 
tracheotomy;  cannula  in  external  jugular  vein,  connected  with  burette  which 
contained magnesium chloride  in M/I  solution. 
11.55  a.m.  Infusion begun.  When  1.5  c.c.  ran  in,  spontaneous  respiration 
disappeared;  started  artificial  respiration. 
11.59  p.m.  4.5  c.c.  ran  in;  animal  dead.  Thorax  opened;  left  ventricle 
moderately  contracted,  right  dilated  and  soft. 
2.1o p.m.  Left  ventricle relaxed  again.  No  stiffness  in  jaws,  neck or  legs. 
3-55 P.m.  Jaws locked;  perhaps slight stiffness in neck;  extremities still soft. 
4.40 p.m.  Neck stiffer; some stiffness of front and hind legs. 
6.00 p.m.  Neck  stiff;  rigidity  of  front  and  hind  legs  has  progressed,  but is 
far  from being complete.  (No  further note  on  heart.) 
The next day at  lO.3O a.  m.  the animal is quite  rigid. S.  J.  Meltzer  and  John  Auer.  55 
In  thi~  experiment  with  magnesiunl  chloride  the  jaws  became 
rigid about  four hours after death and at  that  time the rigidity of 
the  neck just  began.  The  rigidity  of  the  legs  began  about four 
hours and forty minutes after death.  It was not observed at what 
time the rigor attained  its  maximum, it  was  far  from it  six  hours 
after death;  it was  found, however, to  be complete next morning. 
EXPERIMENT 2.--Magnesium  sulphate.  Female  rabbit,  II4O  grams.  Same 
preparation  as  in  previous  experiment;  burette  was  filled  with  magnesium  sul- 
phate in M/I  solution. 
I2.2i  p.  m.  Infusion  begun;  artificial  respiration  started  soon  after. 
12.3o  p.  m.  Heart stopped,  6.5  c.c.  infused. 
2.IO p.  m.  No  stiffness of any part  of body,  heart  soft,  moderately  dilated. 
3.55  P.  m.  Jaws  locked;  neck soft. 
4.40  p.  m.  Neck  soft;  front  legs  soft;  hind legs  slightly stiff at hips. 
6.00  p.  m.  Neck getting stiff; stiffness in all four legs,  increased in hind legs. 
Next day at  IO.3O a.  m.  legs and neck are  rigid. 
In this rabbit  (magnesium sulphate)  the jaws  were locked after 
about three hours and a  half, while rigidity of the neck did not be- 
gin until five and a  half hours after death.  Also the rigidity of the 
legs was more retarded in this animal than in the magnesium chlo- 
ride rabbit. 
EXPERIMENT  3.--Calcium  chloride.  Female  rabbit,  12oo  grams.  Burette 
filled  with  calcium  chloride  in M/I  solution. 
I2.48  p.  m.  Infusion begun. 
I2.54  p.  m.  Respiration  good,  but  artificial  respiration  started. 
12.57  p.  m.  Heart  stopped.  Infusion  stopped,  5  c.c.  infused. 
I.IO p.  m.  Heart  contracted,  left ventricle more  than  right. 
2.IO  p.  m.  Neck  quite  stiff;  rigor  in  hind  legs,  good  stiffness  on  extension 
at  knee. 
2.45  p.  m.  Full  rigor  in  hind  legs. 
3.55  P.  m.  Rigor quite marked in  front legs. 
4.40  p.  m.  Complete  rigor  in  entire  body  (no  note  on  jaws). 
Next  day  at  lO.3O a.  m.  the body  is  less  stiff and the neck  is  soft. 
In this animal  (calcium rabbit)  the neck was quite rigid one hour 
and fifteen minutes after death, and at that time the rigidity of the 
hind  legs also  was  fairly established.  In  the  front legs a  marked 
rigidity  was  present  about  three  hours  after  death.  About  four 
hours after death the entire rigor was complete.  But next morning 
the release from rigor had already begun. 
We shall add one more protocol of a  calcium experiment, carried 
out with a M/I solution. 56  Rigor Mortis. 
EXI'~IMENT  4.--Calcium  chloride.  Female  rabbit,  2000  grams.  Same 
preparation;  right  sciatic  nerve  cut  at  exit  from  pelvis;  burette  filled  with 
calcium chloride in M/I  solution. 
12.2o p.  m.  Infusion begun,  given  very  slowly;  artificial  respiration  started. 
12.39 p.  m.  Convulsions appeared. 
12.43 p.  m.  Infusion  stopped,  8  c.c.  infused.  Artificial  respiration  stopped; 
no  convulsions;  heart  continues  beating  freely  for  one  minute.  Soon  after 
heart dilated and flabby. 
I.OO p.  m.  Left ventricle contracted, right  soft. 
1.3o p.  m.  Neck quite  rigid;  jaws can  just be opened with  force;  front legs 
show  slight  stiffness on  flexion;  hind  legs  some  resistance on  flexion;  definite 
rigor on extension at hips; right leg stiffer than left. 
2.00  p.  m.  Jaws  locked;  neck  more  stiff;  marked  stiffness of  front  legs  on 
flexion;  rigidity of hind  legs  increased. 
5.15  p.  m.  Stiff  as  a  board  everywhere;  right  hind  leg  fully  extended;  left 
hind  leg more  flexed. 
Next  day  at  IO.Oo a.  m.  neck  is  soft,  jaws  can  be  opened  and  the  entire 
animal  shows good  relaxation--more so  than  another  rabbit  which  received on 
the previous day only 4  c.c.  of calcium chloride in M/I  solution. 
In this  (calcium) animal the rigor was everywhere fairly estab- 
lished about forty-five minutes after death.  The maximum rigor of 
the  entire  animal  was  attained  in  four  and  a  half  hours.  Next 
morning,  however, the  release from rigor  had  already begun  and 
was considerably advanced. 
In this series with intravenous infusion of molecular solutions the 
onset  of  rigor  in  the  animals  receiving magnesium chloride  and 
magnesium sulphate was delayed by a few hours in comparison with 
the onset of rigor in the calcium animals.  In the latter the onset 
as  well  as  the  complete development of  the  rigor  appeared  quite 
early  and  the  earlier  the  larger  the  infused  quantity  was.  The 
release from rigor appeared earlier in the calcium than in the mag- 
nesium animals. 
Series  II.  Intravenous  Infusions  of M/2  Solutions. 
EXPERIMENT 4.--Magnesium chloride.  Female rabbit,  17oo grams.  Prepara- 
tion  same  as  in  previous  experiments;  burette  filled  with  magnesium  chloride 
in M/2 solution. 
11.o9 a.  m.  Infusion begun. 
Ii.io a.  m.  Respiration shallow; artificial respiration started. 
11.2o a.  m.  19  c.c,  ran  in;  occasional  heart  beats;  artificial  respiration 
stopped; animal  dead  (thorax not opened). 
12.42 p.  m.  No  stiffness anywhere. 
12.5o  p.  m.  No definite stiffness. 
5.00  p.  m.  Moderate,  but  definite  stiffness of  hind  and  front  legs,  more  ir~ 
hind legs. S.  J.  Meltzer  and  John  Auer.  57 
Next  day,  ii.oo  a.  m.,  animal  stiff;  no  retraction  of  head,  and  legs  not  ex- 
tended;  right  ventricle  of  heart  dilated  and  soft,  left  ventricle  moderately  con- 
tracted.  No  relaxation  of body  set  in  during the day. 
Five and a  half hours passed before any sign  of rigor appeared. 
The complete rigor observed next day was of a flexion type.  There 
was no relaxation next day. 
EXPERIMENT  6.--Calcium  chloride.  Female  rabbit,  18oo  grams.  Burette 
filled  with  calcium  chloride  in M/2  solution. 
12.Ol  p.  m.  Infusion  begun;  no  artificial  respiration. 
12.14  p.  m.  19  c.c,  ran  in;  infusion  stopped.  Irregular  respiration;  feeble 
heart  beats;  a  few  convulsive struggles. 
12.16  p.  m.  No  heart  beats  felt;  dead,  thorax  not  opened. 
12.42  p.  m.  Definite  stiffness  of  hind  legs;  front  legs  soft. 
1.15  p.  m.  Definite  stiffness  of  front  legs  also. 
2.15  p.  m.  Entire animal rigid. 
5.00  p.  m.  Animal  lying with head  retracted,  all  four  legs  strongly  extended 
and with marked  lordosis  of back. 
Next  day  at  II.OO a.  m.  the  animal  is  in  the  same  position,  but  is  not  so 
stiff;  both ventricles  are  strongly contracted. 
1.3o  p.  m.  No  longer  as  rigid  as  on  previous  day;  especially  front  legs  soft 
again. 
Twenty-six  minutes  after  death  of  this  calcium  animal  definite 
rigor was present ; the animal showed later a strong rigor in extreme 
extension,  but  the  release  from  rigor  had  already begun  early  on 
the following day. 
Experiments on cats  with M/2  solutions brought out the same 
differences between  calcium  and  magnesium  chloride  observed  in 
rabbits:  early onset, and development of rigor of an extension type 
with a  comparatively early release,  in the calcium animal,  and  late 
onset, and development of rigor of a flexion type, with a late release 
in  the  magnesium  animal.  The  left  ventricles  showed  the  same 
differences as the skeletal muscles. 
Series IIL  Intravenous  Infusions  of M/4  Solutions. 
EXPERIMENT  7.--Magnesium  chloride.  Male  rabbit,  118o  grams.  Same 
preparation;  burette  filled  with  magnesium  chloride  in  M/4  solution. 
11.34  a.  m.  Infusion  begun,  running slowly. 
11.38  a.  m.  5  c.c.  infused;  respiratory  struggles;  artificial  respiration  started. 
11.5o  a.  m.  Stopped  infllson,  26  c.c.  infused;  heart  just  perceptible;  stopped 
artificial respiration. 
11.52  a.  m.  Thorax  opened;  heart  not  beating. 
i.oo  p.  m.  All  parts  of body  flaccid,  heart  soft. 
1.55  p.  m.  Same. 58  Rigor Morris. 
2.55  p.  nl.  Jaws  cannot be  opened;  neck  and  extremities  soft. 
3.5o  p.  m.  Same. 
5.3o  p.  m.  Rigor  beginning  in  hind  and  front  legs,  neck  still  soft. 
Next  day all parts  in  rigor;  unchanged the entire day. 
In  this  animal  rigor began  in  the jaws  and  muscles after three 
hours and in the legs after five and a half hours, while the neck was 
still soft.  There was no relaxation next day. 
EXPERIMENT  K--Calcium  chloride.  Female  rabbit,  I690 grams.  Same 
preparation; burette filled  with  calcium chloride  in M/4 solution. 
I2.O9  p.m.  Infusion  begun. 
I2.23  p.m.  15  c,c.  infused.  Heart  slightly  irregular;  started  artificial 
respiration. 
12.3o  p.  m.  Stopped  infusion;  26  c.c.  infused;  stopped  artificial  respiration; 
heart  good,  but  no  respiration--apncea. 
I2.32  p.  m.  Breathes;  opened  thorax;  death  under  signs  of  asphyxia. 
1.25  p.  m.  Both  ventricles  contracted;  body  flaccid. 
1.55  p.  nl.  Jaws  and  neck  rigid. 
2.55  p.  m.  Marked  rigidity  of  entire body. 
3.50 p.  m.  Extreme  rigor: 
Next  day  at  12 m.,  neck and  front  legs  are  soft. 
In this  (calcium chloride) animal the rigor began in the jaws and 
the neck after one hour and twenty minutes and in the rest of the 
body after two hours  and twenty minutes.  The rigor attained  its 
maximum, however, in three and a  half hours.  The release began 
early the following day. 
EXPERIMENT  9.--Magnesium  nitrate.  Male  rabbit,  2450  grams.  Same 
preparation;  burette filled  with  magnesium  nitrate  in M/4 solution. 
1.o8  p.  m.  Infusion begun. 
1.18  p.  m.  13  c.c.  infused;  respiration  shallow;  artificial  respiration  started. 
1.3I  p.  m.  32  c.c.  infused;  heart  quite  weak;  stopped  infusion  for  three 
minutes. 
2.oo  p.  m.  Stopped  infusion,  5I  e.c.  infused;  stopped  artificial  respiration;  no 
reaction whatsoever. 
2.o5  p.  m.  Thorax  opened;  heart  beats;  a  good  deal  of bleeding. 
2.15  p.  m.  Heart  stopped  beating;  everything soft;  blood clots  poorly. 
3.5o p.nl.  Jaws  slightly  stiff,  everything else  flaccid. 
5.oo  p.  m.  Jaws locked;  every other part of body quite  soft.  Both ventricles 
soft;  right ventricle contracts  on  touch. 
6.oo  p.  m.  No  change. 
8.3o  p.  m.  Slight rigor in legs,  not pronounced;  very slight stiffness in neck, 
if  any;  left  ventricle rather  strongly  contracted. 
Next  day,  rabbit is  very  stiff and  rigor  is  of  a  flexion type. 
In  this  (magnesium  nitrate)  animal  there  was  even  after  six 
hours practically no rigor in extremities and neck, the jaws however S.  J.  Meltzer  and  John  Auer.  59 
already  began  to  show  stiffness one  hour  and  thirty  minutes  after 
death. 
EXl'ERIMENT  Io.--Calcium  nitrate.  Female  rabbit  (weight  ?).  Usual 
preparation;  burette  filled  with  calcium  nitrate  in M/4 solution. 
lO.5O a.m.  Infusion  begun. 
II.IO  a.  m.  15  c,e.  infused  so  far;  respiration  poor;  inspiratory  tonus; 
started artificial  respiration. 
11.25  a.  m.  Stopped  infusion, 25 e.e.  ran in.  Thorax  opened,  no heart beats. 
11.o8  a.  m.  Jaws  locked;  neck  slightly  stiff;  moderate  but  definite  stiffness 
in  front  legs. 
I2.IO  p.  m.  Some  stiffness  in hind  legs;  left  ventricle strongly  contracted. 
12.5o  p.  m.  Front  legs  extended;  stand  out  like  sticks,  hind  legs  very  stiff, 
but  still  flexed.  (Not  observed  any  further.) 
This  animal  received  of  calcium  nitrate  M/4 about  one  half  of 
the quantity which the animal  in the foregoing experiment  received 
of magnesium  nitrate.  The  contrast  between the two animals  was 
very striking.  While in the magnesium  animal  there was no rigor 
even  six  hours  after  death,  there  was  in  the  calcium  animal  a 
definite rigor already thirty minutes after death. 
EXPERIMENT II.--Calcium  acetate.  Male  rabbit,  185o  grams.  Same  prepara- 
tion;  burette  filled  with  calcium  acetate  in  M/4  solution. 
2.15  p.  m.  Infusion begun. 
2.32  p.m.  IO c.c.  infused;  lid reflex active;  respiration good,  but heart cannot 
be  felt;  convulsions  set  in.  Artificial  respiration  started  and  thorax  opened. 
Heart  beats  extremely  rapidly,  left  ventricle  almost  in  complete  tetanus;  very 
slight  diastolic  relaxations.  (Artificial  respiration,  though  strong,  produces  no 
apnoea.)  Six  cubic centimeters  more  given. 
2.40  p.  m.  Heart  stopped;  animal  dead.  Heart  soon  became  soft. 
2.5o p.  m.  Heart  beginning  to  show  rigor,  progressing  from  base  to  apex; 
was  completed  in  three  minutes;  right ventricle  remains  soft,  auricles  pale. 
3.05  P.  m.  Neck,  jaws  and  four  legs  in  good  rigor.  The  rapid  progress 
could  be  directly  perceived;  the  legs  were  seen  moving,  shortening,  sometimes 
in short starts. 
4.3o  p.  m.  No change;  complete  rigor. 
Next  day at 3  P.  m., the neck was  soft, also jaws  and legs  a  good  deal  softer. 
The  development  of  the  rigor  in  this  (calcium  acetate)  animal 
was a  striking spectacle.  Twenty-five minutes after death the rigor 
was complete,  and  the progress  was a  matter  of ocular  perception. 
In  this  series  the magnesium  nitrate  had  the  most delaying,  and 
calcium  acetate  a  most  accelerating  effect upon  the  onset  and  de- 
velopment of rigor. 60  Rigor  Mortis. 
Series IV.  Intravenous  Infusion of M/8 Solutions. 
EXPERIMENT  I2.--Magnesium  chloride.  Female  rabbit,  1445 grams.  Same 
preparation;  right  sciatic nerve  cut;  burette  filled with  magnesium  chloride  in 
M/8 solution. 
II.O0 a.  na.  Infusion begun. 
iI.oi a.  m.  Started artificial respiration. 
II.O5  a.  m.  Infusions  stopped;  3o c.c.  infused. 
I I.O  7 a.  m.  Thorax opened; heart beats occasionally. 
I2.5o  p.  m.  Left  ventricle  slightly contracted;  everything  soft  otherwise. 
3.20 p.  m.  Both  hind  legs moderately stiff,  right  more than  left;  front  legs 
show beginning of rigor. 
4.oo  p.  m.  Both  hind  legs  stiff,  now  left  more  than  right;  front  legs 
stiffer than before; left ventricle well contracted, right still dilated and soft. 
5.3o p.  m.  All legs  very  stiff;  no  difference between  hind  legs. 
Next day at 2.30 p.  m.,  front legs are soft, hind  legs stiff. 
In this animal with a  solution of magnesium  chloride nearly isos- 
motic  with  a  "physiological  "  sodium  chloride  solution,  the  rigor 
began earlier than with the more concentrated solutions--about  three 
hours  after  death,  attaining  its  maximum  in  about  six  hours  and 
showing  already in  the  afternoon  of  the  next  day  a  distinct begin- 
ning of release from rigor. 
EXPERIMENT  I3.--Calcium  chloride.  Female  rabbit,  137o grams.  Same 
preparation;  right  sciatic  cut;  burette  filled  with  calcium  chloride  in  M/8 
solution. 
11.27 a.  m.  Infusion begun. 
11.37 a.  m.  Stopped  infusion;  3o  c.e.  infused;  convulsions;  thorax  opened; 
heart  still beating. 
12.4o p.  m.  Neck  stiff,  front  legs,  especially  right,  stiff;  stiffness  of  hind 
legs beginning;  no  difference between  right and  left. 
12.5o p.  m.  Right  and  left  ventricles  strongly  contracted. 
1.2o p.  m.  Left  hind  leg definitely stiffer  than  right. 
5.30 p.  m.  Legs in full rigor, no  difference between hind legs.  Next day in 
afternoon all legs more or less soft again. 
In  this  (calcium)  animal  the  onset  of  rigor  occurred  also  pretty 
early,  about  one  hour  after  death,  but  the  maximum  was  not  at- 
tained until about  six hours  after  death.  The  onset  of  rigor  in  the 
right  ventricle  occurred  unusually  early,  after  about  one  hour  and 
ten minutes. 
Transfusion  with Sodium  Chloride.--We  append  here  an  abbre- 
viated protocol of one  of the  experiments  made  with  transfusion  of 
sodium  chloride  in  molecular  solution.  It  may  serve  as  a  control 
experiment  to  the  foregoing  observations. S.  J.  Meltzer  and  John  Auer.  61 
EXPERIMENT I4.--Sodium chloride.  Male rabbit,  2039 grams.  Same prepara- 
tion;  burette filled with  sodium  chloride  in  M/I  solution. 
I2.43 p.  m.  Infusion begun. 
t2.55 p. m.  Stopped  infusion;  7.5  c.e. infused;  animal  showed  not  the 
slightest  reaction;  heart,  respiration,  lid  reflex,  etc., unchanged. 
I2.57 p.  in.  Killed  by clamping  the  trachea.  When  the  convulsions  due  to 
asphyxia were  over,  the  thorax  was  opened;  heart  beating  feebly. 
I.IO p.  m.  Heart beating slightly. 
1.45 p.  m.  Left ventricle  well contracted;  everything else flaccid. 
2.05 p. m.  Jaws  show  good  stiffness;  some stiffness  on  extension  at  elbow 
and thigh. 
3.20 p. m.  Neck rigid ; front legs stiff on extension  and flexion ; hind legs very 
rigid  at hip  on extension;  beginning  rigor in  other parts. 
3.50 p.  m.  Practically stiff all over. 
Next day, 3.30 p.  m., neck  soft,  other parts also less  rigid. 
In these cases the rigor set in later than in the calcium and earlier 
than in the magnesium animals. 
The  sodium  chloride  animals  were  very  little  affected  by  the 
transfusion,  and at the  end  of it had  to be killed.  The killing was 
done either by clamping the trachea or by free opening of the thorax, 
and  the  asphyxia  brought  on  the  usual  antemortem  convulsions. 
Now  since  any  kind  of  convulsion  hastens  the  onset  of  rigor,  and 
since  magnesium  animals  die  without  convulsions,  the  question 
arose,  whether  it  was  not  these  convulsions  which  made  the  rigor 
appear earlier in the sodium chloride animals than in the magnesium 
rabbits.  Furthermore  the  very  same  question  had  to  be met  with 
regard  to  the  accelerating  effect of calcium,  since  the  calcium  salts 
did  not  paralyze  the  animal  and  frequently  indeed  convulsions 
appeared  either  in  the  course  of  the  transfusion  or  shortly  before 
the  death  of  the  calcium  animals.  In  other  words,  we  were  con- 
fronted with the question whether the difference in the time of onset 
of  the  rigor  between  the  calcium  and  magnesium  animals  was  not 
due  simply  to  the  fact  that  magnesium  paralyzes  the  animal  and 
calcium  does  not. 
Experiments  with  Curare  in  Addition  to  the  Salts.--We  have 
therefore  carried  out  a  few experiments  in  which  convulsions  were 
prevented by the previous administration  of curare.  We shall illus- 
trate the results by the  following two protocols. 
EXPERIMENT IS.--Calcium chloride;  curare.  Male  rabbit,  19o7 grams.  Usual 
preparation;  burette  filled with  calcium  chloride  in  M/I  solution.  Curarin 
injected  until  spontaneous  respiration  was  abolished;  started artificial  respiration. 62  Rigor Mortis. 
12 m.  hlfusion begun. 
12.11 p.  m.  Heart  not  palpable;  stopped  infusion;  7-5  c.c. ran  in;  stopped 
artificial  respiration;  no convulsions.  Thorax  opened;  occasionally a  heart  beat. 
12.5o p.  in.  Heart  moderately  contracted;  jaws  and  legs  show  beginning 
stiffness. 
1.2o p.  m.  Jaws  locked;  neck  rigid;  legs  rigid  and  extended. 
2.45 p.  m.  Rigor  nearly  complete,  of  an  extension  type.  Next  day  very 
little  softening was present. 
Curare,  which  usually  retards  the  onset  of rigor,  here  exerted  no 
influence whatsoever.  Although no  convulsions  occurred,  the rigor 
developed  as early as  is usual  with  such a  dose  of a  molecular  solu- 
tion  of calcium  chloride.  This  experiment  teaches  therefore  in  the 
first  place  that  the  acceleration  of  the  onset  of  rigor  by  the  trans- 
fusion  of  calcium  salts  is  not  due  to  an  antemortem  appearance  of 
convulsions.  But  it  teaches  us  also  that  the  delaying  effect  of  cu- 
rare  is  completely  wiped  out  by  the  accelerating  effect  of  calcium. 
EXPERIMENT I6.--Magnesium  chloride;  curare.  Female  rabbit,  132o grams. 
The  usual  preparation;  burette  filled  with  magnesium chloride  in M/I  solution. 
Curare  given  until  effective;  started  artificial  respiration. 
12.35 p.  m.  Infusion begun;  given very  slowly. 
12.5o p.  ha.  Stopped  infusion,  7  c.c. infused;  stopped  artificial  respiration. 
No convulsions; thorax  opened;  no heart  beats. 
2.o5 p.  m.  Everything  perfectly  soft. 
2.45 p. m.  Jaws stiff,  everything else flaccid. 
4.45 P.  m.  Except  in jaws  no stiffness  in any part,  including heart.  Animal 
was  not  seen  until  next  day  at  4  P.  m.,  when  the  following  note  was  made: 
Some rigor of legs  present,  but less than in the calcium chloride rabbit. 
In  this  and  in  other  experiments  in  which  magnesium  salts  and 
curare  were  employed  at  the  same  time,  the  delay  in  the  onset  of 
the  rigor was  greater  than  in  animals  which  had  either  magnesium 
alone  or curare  alone.  The  retardation  of rigor  morris  after  mag- 
nesium  salts  would  therefore  seem  to  be  in  a  degree  due  to  some 
other  factor  besides  the  capability  of  paralyzing  nerve  and  muscle. 
Experiments with Magnesium  Salts and Strychnirve.--That,  how- 
ever, the paralyzing effect of magnesium salts is an essential  factor  in 
the delay of rigor can be seen from the following two experiments,  in 
which,  besides  magnesium  salts,  strychnine  was  administered. 
EXPERIMENT I7.--Magnesium  chloride  and  strychnine.  Female  rabbit,  1940 
grams.  Usual  preparation;  burette  filled  with  magnesium  chloride  in  M/2 
solution. 
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2.35  p.  m.  3  c.c.  infused so  far;  respiration  slow and  labored;  started  arti- 
ficial respiration. 
2.38  p.  m.  9 c.c.  infused so far; no corneal reflex; animal limp. 
2.40  p.  m.  Injected  intramuscularly  I. 5  milligrams  strychnine nitrate--more 
than a  minimum fatal  dose. 
2.54  p.  m.  Stopped  infusion;  18  c.c.  infused. 
2.55 p.  m.  Artificial  respiration  stopped  temporarily,  heart  beating;  artificial 
respiration  resumed. 
2.58  p.  m.  Stopped artificial  respiration; no  convulsions. 
3.00  p.  m.  Animal dead. 
3.48  p.  m.  and  4.25 p.  m.  All  parts  perfectly  limp. 
5.15  p.  m.  Jaws  stiff now;  all  other parts  flaccid. 
Animal  was  not seen until  next day  at  lO.3O; then  all  parts  were  rigid. 
There  were  no  strychnine  convulsions;  the  magnesium  salts  as 
well  as  the  artificial  respiration  inhibited  them,  and  there  was  ap- 
parently the same delay in  rigor as seen after the administration  of 
magnesium  salts alone. 
EXPERIMENT  I8.--Magnesium  sulphate  and  strychnine.  Female  rabbit,  194o 
grams.  Usual  preparations;  burette  filled  with  magnesium  sulphate  in  M/2 
solution. 
II.O9  a.m.  Injected subcutaneously one  milligram  of  strychnine nitrate,  0.5 
milligram per  kilo being only a  toxic dose. 
II.I6  a.  m.  Animal hyperesthetic. 
11.19  a.  m.  Convulsions; started  artificial  respiration  and  began  infusion  of 
magnesium sulphate very slowly. 
Ii.22  a.  m.  Convulsions  stopped;  no  byperesthesia. 
II.24 a.  m.  On  stopping  artificial  respiration  tremor  of  chest  began  again; 
artificial  respiration  resumed. 
11.35  a.  m.  No tremor anywhere. 
II.42  a.  m.  Infusion  stopped;  3  °  c.c.  ran  in;  stopped  artificial  respiration; 
no  convulsions or tremor  followed. 
II.48  a.  m.  Heart  still  beats  occasionally. 
12.15 a.  m.  Definite stiffness of hind  and  front  legs. 
12.55  a.  m.  Stiff as  a  board. 
Next day at 5 P.  m., there is no beginning of release from rigor. 
Although  this  animal  received  a  very large  dose  of  magnesium 
sulphate, the rigor was not delayed by it; the onset and development 
were as much accelerated,  as if strychnine  alone had  been adminis- 
tered.  The  accelerating  effects of  a  tetanus  apparently  cannot  be 
perceptibly modified by the subsequent administration  of magnesium 
salts. 
We  have  made  a  few  experiments  on  the  onset  of  rigor  under 
so-called  normal  conditions  of  death,  but  we  shall  not  enter  into 64  Rigor Mortis. 
a  discussion  of  these  experiments  nor  draw  any  conclusions  from 
them.  From  our  own  studies  and  from  a  study  of  the  literature 
we believe that  every mode of killing  employed by various writers, 
for instance,  pithing,  hanging  (asphyxia),  exsanguination,  etc., has 
a  specific relation  to the onset of rigor  and  has  to  be studied  sepa- 
rately in a  longer series of observations. 
Conclusions Drawn from the Infusion Experiments.--Our  experi- 
ments with the intravenous infusion of calcium and magnesium salts 
appear to have quite firmly established the  following facts.  In  the 
first place, it seems quite certain  that calcium  salts hasten and  mag- 
nesium  salts  retard  the  onset  of  rigor  morris  in  skeletal  muscles. 
These effects appear to increase with the quantity of the salts intro- 
duced into the circulation; the degree of the molecular concentration 
in which the solutions are employed seems to be of lesser importance. 
The accelerating effect of the calcium salts is apparently independent 
of the state of contraction of the muscles; there is a  strong accelera- 
tion even when  antemortem  convulsions are prevented by means of 
curare.  The  delay due  to  magnesium  is  apparently  caused,  in  the 
first place,  by the paralyzing  effect of these  salts  upon the  nervous 
system  and  the  muscles.  Besides  the  paralyzing  effect,  the  mag- 
nesium  salts may,  however,  contain  another  factor  which  aids  in  a 
smaller degree in the delay of onset of the rigor.  The delay follow- 
ing magnesium plus curare seemed to be greater than that following 
either magnesium alone or curare alone. 
Another  striking  difference,  which  was  frequently  observed  in 
these  experiments  and  which  deserves  to  be recorded,  consisted  in 
the  difference of the  type of rigor  which  followed each  of the  two 
kinds  of  salts.  After  infusion  with  calcium  salts,  especially  after 
larger quantities, the preponderance of extension was very manifest. 
• Even  when  the  animals  soon after death  were placed  in  a  position 
in  which  flexion  prevailed,  namely,  with  the  head  bent  forward, 
the  abdomen  concave  and  all  the  extremities  flexed,  they  were 
found later  in a  strong  position of opisthotonus : the head  strongly 
drawn  backward  with  a  pronounced  lordosis  and  the  extremi- 
ties  stretched  out.  The  position  of  the  magnesium  animals,  on 
the other hand,  was always that  in which flexion prevailed,  or per- 
haps  more correctly, the animals  remained  in  the position in  which 
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As  to  the  degree of  rigidity which the muscles finally attained, 
there seemed to be no difference between calcium and magnesium, 
both animals were at one time or another stiff as a  board, only that 
the maximum stiffness was attained in the magnesium animals much 
later than in the calcium animals. 
The release from rigor appeared as a  rule definitely earlier in the 
calcium animals than in the magnesium animals.  There were only 
a  few exceptions in  which the rigor in  the calcium animals  lasted 
as long or even longer than in the magnesium animals and in these 
cases the quantity of calcium salts  used was  greater in  proportion 
than that of the magnesium control.  The earlier release from rigor 
in the calcium animals seems to be due to the earlier development of 
rigor and occurs in all cases in which the rigor for any reason sets 
in early (Bierfreund).  We have, however, to state that on account 
of the high temperature of the season in which most of the experi- 
ments were carried out not all  of the animals  were kept  until  the 
release from rigor was completed. 
The action of the salts upon rigor was caused, at least in the main, 
by the cations, that is, by the calcium and magnesium parts  of the 
compounds.  As  regards  the  anions  it  is  probable  that  they  too 
exert some effect.  Calcium acetate, for instance, seemed to hasten 
the onset of rigor more than any of the other calcium compounds. 
Our experiments were in this regard not sufficiently numerous and 
varying to permit the giving of precise data.  We believe, however, 
that  our  experiments  justify the  general statement that  the  effect 
which the anions may have is  insignificant in  comparison with  the 
effects which the cations of the salts  exert upon the onset of rigor. 
_As regards the order in which the several parts of the body enter 
into rigor, the rigidity of the jaws appeared first in our experiments 
and usually far ahead of the stiffness of the other parts.  The neck 
was the next part in which stiffness appeared.  In a  few cases, how- 
ever, the neck was the last part  in which the rigor set in.  Of the 
extremities, in the majority of our experiments, the hind legs became 
rigid before the front legs.  This differs from the so-called Nysten 
system, according to  which the arms  become rigid before the legs, 
For rabbits, however, our observation agrees with those of previous 
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Cutting the sciatic nerves, which is said to retard the development 
of  rigor(39),  produced  in  our  experiments  no  definite  results. 
Sometimes there was a slight retardation of the onset on the side on 
which the nerve was cut, but nearly as often the retardation was on 
the  opposite side.  Furthermore,  even  in  animals with both  sciatic 
nerves intact, sometimes the right and sometimes the left leg became 
stiff first ; the same occurred also in the front legs. 
Finally we  made  incidentally some  notes on  the  onset  of  rigor 
in  the  heart.  The observations were not  so  extensive and  precise 
as  those  made  on  the  skeletal  muscles;  but  they  were  sufficiently 
numerous to permit the general statement that calcium hastens and 
magnesium retards  the  development of  rigor  of the  left ventricle. 
The observations upon the right ventricle were insufficient to war- 
rant any positive statement. 
Experiments with Intra-ctrterial Injections.--In the foregoing ex- 
periments with intravenous infusions, the salts, even when given in 
molecular  concentration,  reached  the  tissues  in  a  dilute  state  and 
reached them always in company with some blood, which according 
to yon Fiirth(26), prevents the coagulation of the muscle plasma and 
interferes also with the development of muscle rigor.  In the experi- 
ments which we are now going to record the injections were made 
into the arteries towards the periphery.  In  these experiments the 
muscles of that  peripheral  part  towards which the  injections were 
made, came into intimate contact with a more concentrated solution 
of the injected salts  and  probably also without a  great  admixture 
of blood. 
As mentioned above, such experiments were already made by yon 
Fiirth.  He tested a large number of substances in mammals as well 
as  in  frogs.  However,  as  far  as  the  substances  employed in  our 
experiments are concerned, he made only two experiments in frogs, 
one  with  calcium  chloride  and  one  with  calcium  nitrate;  at  least 
these are all that he records and it is not indicated that more experi- 
ments  were  performed  than  recorded.  Von  Ffirth  has  seen  no 
accelerating effects  from  injections  with  calcium  salts.  We  have 
made such  injections with calcium and magnesium salts  in rabbits 
and frogs.  We shall report first our experiments on rabbits. 
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morphin  and  ether;  laparotomy  was  made.  The  abdominal  aorta 
was  ligated  always  beneath  the  renal  arteries,  and  a  cannula  was 
tied  in  its  peripheral  end.  In  some  experiments  the  inferior  vena 
cava also  was  ligated,  in  others  again  the  cannula  was  tied  in  one 
of the  common iliac arteries.  When  the  cannula  was  in  the  aorta, 
one of the  common iliacs  was clamped during  an  injection  in  order 
to  direct  the  solution  into  one  limb,  using  the  other  as  a  control. 
The  injection  was made with  a  syringe and  usually  quite  rapidly-- 
not  less  than  six  or  seven cubic  centimeters  in  a  minute.  In  these 
experiments  calcium  chloride  only  was  tested,  while  of  the  mag- 
nesium salts the chloride and the  sulphate  were investigated.  Only 
M/8  and M/I  solutions were used. 
In these experiments the animals usually died during the injection 
or soon after  it,  even when  the  inferior  vena  cava was  clamped--a 
proof of the  sufficiency of the  collateral  circulation.  When  the  in- 
jections  were made  into  the  aorta,  with  one common  iliac  clamped, 
the tissues of both sides of the lumbar region were seen to be invaded 
by  the  liquid  and  to  become blanched.  Probably  also  the  lumbar 
section  of the  spinal  cord  came into  intimate  contact  with  the  solu- 
tions,  a  point which  may have to be taken  into  consideration  when 
analyzing  the  results. 
We  shall  again  illustrate  our  results  with  a  few  greatly  abbre- 
viated protocols. 
Series I.  Intra-arterial  Injections into  the Hind Legs of Rabbits; M/8 Solutions. 
EXPm~IMENT I9.--Calcium  chloride.  Female  rabbit,  135o grams.  Prepara- 
tion  as  stated  above;  abdominal  aorta  ligated.  Cannula  tied  in  left  common 
iliac artery. 
12.3o p. m.  Injected  20 c.c. calcium  chloride  of M/8  solution  into  left  leg. 
12.34 p. m.  Thorax opened,  death;  no  immediate  stiffness. 
12.4o p. m.  Left leg shows  some  resistance. 
1.3o p.  m.  Distinct  stiffness  in  left  leg,  right  flaccid. 
1.55 p.  m.  Left  leg  stiff  in  all  joints,  right  leg  soft, 
3.25 p. m.  and 4.20 p.m.  Left  leg  like  a  board,  held  extended;  some  re. 
sistance  in  right leg. 
In the  calcium leg the rigor began about  ten minutes  after injec- 
tion and in the control leg not till after three hours. 
EXPERIMENT 2o.--Magnesium sulphate.  Female  rabbit,  145o grams.  Usual 
preparation;  cannula  in  aorta;  left  iliac  clamped. 68  Rigor Mortis. 
11.55  a.  m.  Injected  30  c.c.  magnesiunl  sulphate  in M/8  solution  (into  right 
leg).  Had  slight convulsions after  injection. 
12.oo  m.  Thorax  opened,  heart  still  beating. 
4.oo  p.  m.  Front  legs  and  left  hind  leg  stiff;  right  leg  flaccid. 
The magnesium leg was  flaccid,  while the other parts  were in  full  rigor. 
EXPERIMENT 2I.--Calcium  chloride  in  one leg  and  magnesium chloride  in  the 
other.  Female  rabbit,  112o  grams.  Usual  preparation;  cannula  in  aorta. 
11.3o  a.  m.  13 c.c.  M/8 magnesium chloride injected into  left leg  (right iliae 
clamped). 
II.34 a.  m.  Struggles. 
11.35  a.m.  13  c.c.  M/8  calcium  chloride  injected  into  right  leg  (left  iliac 
clamped).  Thorax  opened,  heart  still  beats. 
II.5O  a.  m.  Right leg  (calcium)  stiffer than left. 
12.4o  p.  m.  Left  leg  soft;  good  resistance  in  right. 
3.2o  p.  m.  Right  leg very  stiff;  some  stiffness  in  left. 
In  this  experiment  the  difference between  the  calcium and  the 
magnesium was  striking enough, but the acceleration of the rigor 
in the calcium leg and the delay in the magnesium leg were not so 
striking  as  in  the  other  experiments  in  which  larger  doses  were 
injected. 
In these and other experiments of this series the calcium was dis- 
tinctly  accelerating  and  the  magnesium delaying on  the  onset  of 
rigor,  the injected quantity being a  noticeable factor.  There was 
no perceptible effect immediately after  injection. 
Series  II.  Intra-arterial  Injections  of  M/I  Solutions. 
EXPERIMENT 22.--Calcium  chloride.  Male  rabbit,  I4IO grams.  Usual prepar- 
ation;  cannula  in  aorta;  left  common  iliac  clamped. 
Injected  30  c.c.  M/I  solution  (into right leg) ;  animal  died  dur-  10.30  a.  m. 
ing  injection. 
lO.33  a.  m. 
lO.35  a.  m. 
11.3o  a.  m. 
legs. 
Right  leg  definitely  stiff  at  hip. 
Right  leg  stiff  at  all  joints. 
Right leg very stiff; slight stiffness in left leg as  well as  in front 
This  greatly  abbreviated  protocol  shows  that  in  the injected  leg 
the  rigor began  two or three  minutes  after  injection,  and  was  not 
followed  by  any  temporary  relaxation,  while  in  the  other  parts  of 
the body the rigor began about one hour after death. 
Out of four experiments with calcium chloride, M/I, only in one 
was  there a  brief  relaxation  intervening  between  the  primary  con- 
traction and the final rigor. 
EXPERIMENT 23,--Magnesium  sulphate.  Female  rabbit,  125o  grams.  Usual 
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11.35  a.  m.  Injected  (into  right  leg)  30  c.c.  Jl/I  magnesium  sulphate;  ani- 
mal  died  during  injection. 
11.38  a.  m.  Definite  stiffness  of  right leg  at  hip,  left  leg  soft. 
12.o5  p.  m.  Both legs  soft  at  all  joints. 
2.oo  p.  m.  Both hind legs soft;  slight stiffness of neck and front legs. 
3.30  p.m.  Some  stiffness  at  hip  in  both  legs;  more  on  right  side. 
Three  minutes  after  the  injection  of  magnesium  sulphate  the 
injected leg became stiff, but softened soon, to become rigid again. 
Rigidity occurred even  later  than  in  the  other  parts  of  the body. 
The same occurred in two other experiments with M/I magnesium 
sulphate. 
In two experiments with M/I magnesium chloride  (3  °  c.c.)  the 
leg into  which the injection was  made became stiff soon after the 
injection,  the  stiffness  developing  into  complete  rigor  without  an 
intervening relaxation.  The  injected leg behaved in  these experi- 
ments rather like the leg in the majority of the calcium experiments. 
With regard to the other parts of the body there was no difference 
in  the behavior towards the onset of rigor between the magnes!um 
sulphate and magnesium chloride animals.  In both cases the rigor - 
developed in the rest of the body later than in the calcium animals, 
but not as late as in the animals which received the magnesium salts 
intravenously. 
While in  the  intravenous  injections  the degree of  concentration 
of the solutions affected but little the final results, in the intra-arterial 
injections the degree of concentration was quite an important factor. 
When the salts  were injected in M/Io solutions,  there was  in  the 
intra-arterial injections the same difference between the magnesium 
and calcium salts  as  in  the intravenous injections,  the  former uni- 
formly delaying, the latter accelerating the onset of rigor.  In either 
case the cation was the main factor and the anion was of very little 
importance.  It  was  very  different,  however,  when  in  the  intra- 
arterial injections the salts were given in M/I  solution.  Here the 
calcium chloride as well as both magnesium salts brought on a  dis- 
tinct stiffness almost immediately after injection.  In the magnesium 
sulphate animal the stiffness gave way again,  the real  rigor devel- 
oping much later.  In most of the calcium animals the early stiffness 
went over into complete rigor without any temporary relaxation. 
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early stiffness in all these cases was apparently not rigor,  but simply 
a  real  contraction  of the  muscles,  caused by the  stimulation  of the 
concentrated  solutions.  It  was neither  a  specific calcium nor mag- 
nesium  effect. 
The rapid injection of a M/I solution had the effect of a  so-called 
"salt action," an osmotic action, perhaps.  And here we found that 
the anion is a  significant  factor, the magnesium  chloride acted more 
like  calcium  chloride  and  less  like  the  magnesium  sulphate.  That 
in  the  cases  of  both  chlorides  the  primary  stiffness  passed  over 
directly  into  rigor  might  have  been  due  to  the  greater  contraction 
which  they have  primarily  produced  and  finds  its  analogue  in  the 
direct transition  of a  strychnine tetanus  into  rigor,  the development 
of which,  as we found  above, magnesium  salts cannot  suppress  or 
delay.  The same conditions probably obtain in all cases of so-called 
chemical  rigor  (see  yon  F/irth),  for  instance,  after  injection  of 
chloroform, ether, caffein, sodium mono-brom-acetate, quinine,  anti- 
pyrin,  etc.;  these  substances  cause  primarily  strong  contractions, 
which hasten the onset of rigor and into which the contractions pass 
without  any  intervening  relaxation.  These  chemical  rigors  are 
work-rigors  (Arbeitsstarre)  as Santesson(4o)  properly terms them. 
The  rigor  which  follows nearly  immediately  after  the  injection  of 
calcium  and  magnesium  chloride belongs  therefore to the  group of 
work-rigors  and  two  stages  must  be  distinguished:  the  stage  of 
simple tonic contraction  and the stage of actual rigor.  If the tonic 
contraction  is  moderate  as  in  most  of  the  cases  when  magnesium 
sulphate is injected in M/I solution a longer or shorter intermission 
of  relaxation  follows between the  stage  of contraction  and  that  of 
the real  rigor. 
From  the  production  of  this  work-rigor  must  be  distinguished 
the  accelerating  effect of the  calcium  salts  upon  the  onset  of  rigor 
in the cases where only 3I/8 solutions were employed intra-arterially 
or when even M/I  solutions were injected intravenously.  Ill these 
cases  at  least  twenty  or  thirty  minutes  passed  before the  onset  of 
rigor which was never preceded by a  preliminary  contraction.  The 
effect here is apparently purely a  chemical one confined to the cation 
calcium and is never caused by any anion combined with magnesium. 
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the salts upon the other parts of the body was not so well pronounced 
as in  the intravenous  injections,  although  the  entrance  of the solu- 
tion  into  the general  circulation  was prompt  enough  to prove  fatal 
to  the  animal.  The  premature  killing  of the  heart  caused  by  the 
rapidity of the injection prevented the salts from satisfactorily reach- 
ing  and  saturating  the  tissues  so  as  to bring  them  under  the  same 
degree of influence as in the slow intravenous  injections with a  pro- 
longed  efficient circulation. 
The subcutaneous injections which were made on rabbits, guinea- 
pigs and rats were not numerous  and we shall not speak of them in 
detail.  It  will  suffice to  say  that  the  results  of these  observations 
agree  with  the  main  results  obtained  by the  intravascular  method, 
namely  that  calcium  hastens  and  magnesium  retards  the  onset  of 
rigor. 
Experiments  on Frogs.--The  injections were made in the  lymph 
sacs and through the aorta.  The rigor in frogs sets in very late after 
death,  sometimes  even  as  late  as  thirty-six  hours.  The  interval 
varies  with  the  species  of  frog,  with  their  state  of  nutrition,  and 
with the season of the year.  Our studies were made on Rana escu- 
lenta,  in the early  spring  and  at  the end  of the  summer,  and  some 
of the animals  were  in  a  rather  poor  state  of nutrition.  In  all  of 
the  controls  the  rigor  never  appeared  within  the  first  twenty-four 
hours.  As out of every twenty-four hours the animals can be under 
direct  consecutive  observation  not  more  than  ten,  it  is  frequently 
impossible to note the onset of rigor  if no  artificial  means  are  em- 
ployed to hasten it.  We made only two sets of experiments in which 
the animals  received the injection  of the salt solutions in the lymph 
sacs  and  then  left  them  without  further  interference.  Another 
drawback in the experiment  is that  if both frogs received the injec- 
tion  simultaneously,  the  calcium  animal  survived  the  magnesium 
animal  by many hours,  in  fact, the  exact time  of their  death  could 
not  be  noted  in  our  experiments;  they  were  found  dead  in  the 
morning.  But  even  so,  the  calcium  animals  of  our  experiments 
were  found  already  quite  rigid,  while  the  magnesium  animals, 
although  they died  shortly  after  the  injection  in  the  middle  of the 
previous day, were either still  completely soft or showed only slight 
stiffness.  We may therefore conclude even from these few, incom- 72  Rigor Morris. 
plete experiments  that  calcium  hastens  the  onset  of rigor  in  frogs. 
As to the delaying effect of magnesium salts these experiments gave 
no positive evidence. 
In  the  experiments  with  transfusions  through  the  aorta  calcium 
chloride, magnesium chloride, magnesium  sulphate and  also sodium 
chloride were tested in M/I, M/2 and M/Io solutions.  In the infu- 
sions with M/I solutions all animals became very stiff in the course 
or at the end of the infusion and remained so for several days, while 
the control animals became rigid on the second day and were relaxed 
again  about twenty-four hours  later.  The brain  was  destroyed  in 
all  animals.  The  cord was  destroyed in  one  set  and  left  intact  in 
another set.  In  the  animals  with  destroyed cords the  rigidity was 
a  little less  strong than  in the animals  with cord intact.  The early 
and  persistent  rigidity  occurred  not  only  in  the  calcium  frog,  but 
also in the animals  which received magnesium sulphate,  magnesium 
chloride or sodium chloride in M/I solutions. 
A  similar  effect was  observed when  the  transfusions  were  made 
with M/2 solutions ; the onset of rigidity occurred immediately after 
infusion  and  persisted  for a  few  days and  there was  also  the  same 
difference in  the  degree  of  stiffness  between  the  animals  with  de- 
stroyed cord and those with cords intact. 
In the above mentioned two  experiments of von Fiirth,  one with 
calcium chloride and  one with calcium nitrate, ten cubic centimeters 
of a  ten per cent.  solution were injected through the aorta of frogs 
whose  cord  was  destroyed.  A  ten  per  cent.  solution  of  calcium 
chloride is nearly equal to the M/2 solutions which we have, among 
others, employed.  Von Fiirth thus summarizes his observations : no 
rigor over night--"Ueber Nacht keine Starre."  On account of the 
divergence of our results with those of von Fiirth we shall  give an 
abbreviated protocol of one set of such experiments. 
EXPERIMENT  23.--Calcium  chloride  infusions  in  the  aorta  of  frogs.  Three 
medium-sized  frogs.  Frog  I,  cord  intact.  Frog 2,  cord  destroyed.  Frog  3, 
control.  Aorta connected with burette; sinus opened;  all three frogs  had 3o c.c. 
o.6 per cent. sodium chloride solution ran through to wash out the blood.  Frogs 
I  and 2 had then a transfusion  with  12 c.c. calcium chloride  in M/2 solution. 
3.oo p. m.  Finished  transfusion.  Frog I  stiff, Frog 2 moderately  stiff,  and 
Frog 3 flaccid. 
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Next  day at  i2.oo  m.  and 6.oo p.  m.,  Frog  I  is  very stiff,  Frog  2  stiff, but  less 
than  Frog  I;  Frog  3,  control,  is  moderately  stiff. 
There  was no  doubt as to the early and  persistent  rigor  of Frog 
2--comparable  with yon Fiirth's  experiment--although  the rigidity 
was  somewhat  less  than  in  the  frog  with  intact  cord.  Could  the 
difference  between  our  experiments  and  that  of yon  Fiirth  be  due 
to  the  difference  of  the  character  of  frogs?  Von  Fiirth  experi- 
mented on Rana temporaria and  we used Rana esculenta.  It could 
not be due to the previous washing out with a  sodium chloride solu- 
tion,  as  we had  the same results  without  such  a  previous  washing. 
We must  again  point  out that  no  matter  how thorough  and  exten- 
sive yon Ffirth's experiments otherwise were, on the particular point 
in question there were only two experiments  and  they were entirely 
insufficient to controvert our results  which were, moreover, in  com- 
plete  harmony  with  the  results  which  we  obtained  in  mammals. 
This  agreement  was  not  disturbed  by  the  fact  that  in  frogs  even 
after  infusion  of  magnesium  sulphate  there  was  no  relaxation  of 
the  primary  stiffness,  since  the  dose which  we  employed  in  frogs, 
considering the small  size of these animals,  was in proportion  much 
greater than  that employed in mammals. 
The  fact that  in  the  frogs  with  intact  cord  the  rigor  is  stronger 
than  in  frogs  with  destroyed  cord  has  its  explanation  in  that  the 
nmscle  tissue  alone  is  stimulated  in  the  latter  by the  concentrated 
salt solutions, while, when the cord is intact, the simultaneous stimu- 
lation of the nervous mechanism  increases the motor response of the 
muscles,  which  in  turn  leads  to  a  stronger  rigor.  The  relation  of 
the  intensity of the rigor  to the  stimulating  effect of the salts upon 
the  cord  reminds  one of the  strong  rigor  which  follows strychnine 
poisoning. 
In the frogs which received infusions with M/IO solutions of the 
salt  the  rigor  developed  late  in  all  animals,  and  it  was  difficult  to 
decide  whether  there  was  any  acceleration  or  delay  in  its  onset  in 
case of one or the other of the salts. 
However, the  experiments  with  transfusions  of M/IO solutions, 
as well as experiments  in which the animals  received in their lymph 
sacs comparatively large doses of M/I  solutions of the salts  (about 
four cubic  centimeters  for  each  frog),  brought  out  distinct  results 74  Rigor Morris. 
when  the  posterior  half  of  the  body of  the  frog  not  skinned  was 
submersed in a  sodium chloride bath, kept at a temperature of about 
38 °  C.  This  method  was  first  successfully employed by Langen- 
dorff  and  Gerlach(41),  and  later  by  Nagel(I8).  Of  course,  the 
rigor which sets in here quite early is a  heat rigor.  But here again 
the development of the rigor in the calcium animals was far ahead of 
that  of  any  of  the  other  frogs,  which  received  either  one  of  the 
magnesium salts or sodium chloride, or were simply control animals. 
The lower extremities of the calcium frogs pass more or less rapidly 
through  a  stage  of flexion  and  abduction  into  a  terminal  stage  of 
extreme  extension  mostly  combined  with  abduction.  In  the  mag- 
nesium animals  the rigor appears only a  little later than  in the con- 
trol animal and the rigid legs remain mostly in a  flexed state. 
These  observations  demonstrate  that  heat  rigor  also  is  greatly 
accelerated by the presence of calcium in the muscles of the animals. 
The  delaying  effect of  magnesium  is  not  safely established  in  this 
line of experimentation. 
The  experiments  on  frogs  have  confirmed  the  fact  that  calcium 
hastens  the onset of rigor  mortis,  and  favors also the  development 
of heat rigor.  They have also shown that concentrated solutions of 
calcium and  magnesium  salts in bloodless animals  call  forth  an  im- 
mediate  contraction  of  the  muscles  which  passes  then  without  an 
intermediate  stage  into  the  real  rigor  mortis.  As  to  the  delaying 
effect of magnesium,  the experiments  on  frogs brought  no positive 
results,  the  failure  being  essentially  due  to  the  late  onset  of  the 
normal  rigor  in the animals. 
The experiments reported in the foregoing pages have shown that 
the  relations  of calcium and magnesium  salts to rigor  run  in oppo- 
site directions,  that  is, calcium  hastens  and  magnesium  retards  the 
onset of rigor.  We suggested at the outset that  if the contraction 
theory of rigor is correct, both salts ought to retard the development 
of rigor, that is, on the assumption that both salts exercise inhibitory 
effects.  Can  our  results  be  considered  as  contributing  towards  a 
decision between the two theories,  namely as being against  the con- 
traction  theory  and  therefore  in  favor  of  the  chemical  theory  of 
rigor,  and  can  we assume  that  the  acceleration  and  retardation  of 
the rigor  in  our cases have  their  last  cause in the  facts established S.  J.  Meltzer  and  John  Auer.  75 
by  von  Ffirth  that  calcium  salts  hasten  the  clotting  of  myogen 
plasma and magnesium  salts do not hasten  it ?  It sounds plausible. 
But there is again  some discrepancy between certain  points in  these 
facts  and  certain  details  in  our  observations.  According  to  von 
Fiirth(42)  magnesium nitrate hastens the coagulation of the muscle 
plasma, while in our experiments magnesium nitrate has retarded the 
onset  of  rigor  longer  than  any  of  the  magnesium  salts.  Besides, 
the argument  that if the contraction theory be correct,  the effects of 
calcium and magnesium  salts ought to be similar,  is based, as stated 
above, on the assumption of the similarity  of both salts with regard 
to their inhibitory effects.  Very recent experiments,  however, have 
demonstrated to us that the foundation of this assumption is, to say 
the least,  insecure. 
The safer course, therefore, would be not to enter  for the present 
into  a  discussion  of  the  availability  of  the  facts  revealed  in  this 
paper in support of one or the other of the theories  of rigor. 
SUMMARY. 
Calcium salts hasten and magnesium  salts retard  the development 
of  rigor  mortis,  that  is,  when  these  salts  are  administered  subcu- 
taneously or intravenously. 
When  injected  intra-arterially,  concentrated  solutions  of  both 
kinds  of salts cause nearly an immediate  onset of a  strong stiffness 
of the  muscles  which  is  apparently  a  contraction,  brought  on  by a 
stimulation caused by these salts and due to osmosis.  This contrac- 
tion,  if  strong,  passes  over without  a  relaxation  into  a  real  rigor. 
This form of rigor may be classed as work-rigor  (Arbeitsstarre). 
In animals,  at least in  frogs, with intact  cords, the early contrac- 
tion  and  the  following  rigor  are  stronger  than  in  animals  with 
destroyed cord. 
If M/8  solutions--nearly equimolecular to "  physiological "  solu- 
tions  of  sodium  chloride--are  used,  even  when  injected  intra- 
arterially,  calcium salts hasten and magnesium salts retard the onset 
of rigor. 
The hastening  and  retardation  in this case as well as in the cases 
of subcutaneous and intravenous injections, are ion effects and essen- 
tially due to the cations,  calcium and magnesium. 76  Rigor Mortis. 
In the rigor hastened  by calcium the effects of the extensor mus- 
cles mostly prevail;  in the rigor  following magnesium  injection,  on 
the  other  hand,  either  the  flexor  muscles  prevail  or  the  muscles 
become stiff in the original position of the animal at death. 
There seems  to be no  difference in  the degree  of stiffness  in  the 
final rigor, only the onset and development  of the rigor is hastened 
in the case of the one salt and retarded  in the other. 
Calcium hastens also the development of heat rigor.  No positive 
facts  were  obtained  with  regard  to  the  effect  of  magnesium  upon 
heat vigor. 
Calcium  also  hastens  and  magnesium  retards  the onset  of  rigor 
in  the  left ventricle  of the  heart.  No  definite  data  were  gathered 
with regard to the effects of these salts upon the right ventricle. 
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